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Sea-level	 change	 (SLC)	 is	 a	 much-studied	 topic	 in	 the	 area	 of	 climate	 research,	24	
integrating	a	range	of	climate	science	disciplines,	and	is	expected	to	impact	coastal	25	
communities	 around	 the	 world.	 As	 a	 result,	 this	 field	 is	 rapidly	 moving	 and	 the	26	
knowledge	and	understanding	of	processes	 contributing	 to	SLC	 is	 increasing.	Here,	27	
we	discuss	noteworthy	 recent	developments	 in	 the	projection	of	SLC	contributions	28	
and	 in	 the	 global	 mean	 and	 regional	 sea-level	 projections.	 For	 the	 Greenland	 ice	29	
sheet	contribution	to	SLC,	earlier	estimates	have	been	confirmed	in	recent	research,	30	
but	 part	 of	 the	 source	 of	 this	 contribution	 has	 shifted	 from	 dynamics	 to	 surface	31	
melting.	New	insights	into	dynamic	discharge	processes	and	the	onset	of	marine	ice-32	
sheet	 instability	 bring	 the	 estimated	 Antarctic	 contribution	 to	 SLC	 at	 0.3-0.4	m	 by	33	
2100.	The	contribution	from	both	 ice	sheets	 is	projected	to	 increase	 in	the	coming	34	
centuries	 to	 millennia.	 Recent	 updates	 of	 the	 global	 glacier	 outline	 database	 and	35	
new	 global	 glacier	 models	 have	 led	 to	 slightly	 lower	 projections	 for	 the	 glacier	36	
contribution	to	SLC	(in	the	order	of	0.12-0.13	m	by	2100),	but	still	project	the	glaciers	37	
to	be	an	important	contribution.	For	global	mean	sea-level	projections,	the	focus	has	38	
shifted	 to	 better	 estimating	 the	 uncertainty	 distributions	 of	 the	 projection	 time	39	
series,	 which	 may	 not	 necessarily	 follow	 a	 normal	 distribution.	 Instead,	 recent	40	
studies	use	 skewed	distributions	with	 longer	 tails	 to	higher	uncertainties.	Regional	41	
projections	have	been	used	to	study	regional	uncertainty	distributions,	and	regional	42	




As	one	of	 the	most	well-known	 consequences	of	 climate	 change,	 sea-level	 change	47	
(SLC)	is	relevant	to	coastal	communities	and	stakeholders	around	the	world.	A	large	48	
number	of	the	world’s	population	(~10%	[McGranahan	et	al.,	2007])	lives	and	works	49	
near	 the	 coast	 and	 depends	 on	 the	 ocean	 as	 their	 primary	 source	 of	 food	 and	50	
livelihood.	An	 increase	 in	mean	sea	 level	 can	 increase	 the	 impacts	of	 storm	surges	51	
and	the	risk	of	 flooding	events	 in	coastal	zones	 [Wong	et	al.,	2013].	To	make	well-52	
informed	decisions	about	protective	or	adaptive	measures,	it	is	crucial	that	decision	53	
makers	are	provided	with	the	best	possible	projections	of	SLC.	Projecting	future	SLC	54	
and	 understanding	 the	 physical	 processes	 that	 contribute	 to	 SLC	 is	 therefore	 an	55	
important	and	rapidly	evolving	research	topic.		56	
	57	
SLC	 is	 a	 result	 of	 changes	 in	 many	 different	 parts	 of	 the	 climate	 system	 and	 can	58	























[2015]	by	 including	more	 recent	publications	 for	 the	different	 contributions	where	82	
available	 and	by	presenting	overviews	of	 research	on	 the	 terrestrial	water	 storage	83	
(TWS)	contribution	and	the	Mediterranean	region,	which	were	not	discussed	in	Clark	84	




First	we	 present	 an	 overview	of	 recent	work	 on	 contributions	 to	 SLC	 due	 to	mass	89	
changes	of	glaciers	and	ice	sheets	(Section	2)	and	TWS	changes	(Section	3).	Then,	we	90	
will	 discuss	 global	 mean	 sea-level	 projections	 and	 new	 ways	 to	 treat	 the	91	
uncertainties	thereof	(Section	4).	Recent	advances	 in	and	uses	of	regional	sea-level	92	










future	 SLC,	 storing	 approximately	 65	 m	 sea-level	 equivalent	 (SLE,	 Vaughan	 et	 al.	103	




Greenland	 Mass	 loss	 from	 Greenland	 is	 controlled	 by	 changes	 in	 surface	 mass	108	
balance	(SMB)	and	dynamic	discharge,	including	the	effects	of	basal	lubrication	and	109	
ocean	 warming.	 IPCC	 AR5	 [Church	 et	 al.,	 2013]	 estimated	 that	 Greenland	 would	110	
contribute	 between	 0.04	 -	 0.10	 m	 for	 RCP2.6	 (Representative	 Concentration	111	
Pathway,	Moss	et	al.,	[2010])	scenario	and	0.07	-	0.21	m	for	RCP8.5	by	the	end	of	this	112	
century.	 For	 the	 lower	 emission	 scenarios,	 surface	melting	 and	 dynamic	 discharge	113	
were	expected	to	contribute	equally	to	the	overall	mass	loss.	For	emission	scenario	114	










basal	 lubrication	 will	 likely	 not	 have	 a	 significant	 effect	 on	 Greenland	 mass	 loss	125	
within	this	century	[Shannon	et	al.,	2013].		126	
	127	
Based	 on	 a	 higher-order	 ice-sheet	 model	 driven	 by	 temperature	 changes	 from	128	
Atmosphere-Ocean	 Global	 Climate	 Model	 (AOGCM)	 results,	 Fürst	 et	 al.	 [2015]	129	
project	 a	Greenland	 contribution	 of	 0.01–0.17	m	 to	 SLC	within	 the	 21st	 century	 in	130	
response	to	both	atmospheric	and	oceanic	warming.	In	contrast	to	previous	studies,	131	
they	conclude	that	future	ice	loss	will	be	dominated	by	surface	melting	rather	than	132	
dynamic	 discharge	 because	 the	marine	 ice	margin	will	 retreat	 over	 time,	 reducing	133	
the	contact	area	between	ice	and	ocean	water	and	thus	limiting	dynamic	discharge.	134	
For	 the	 two	 lower	 emission	 scenarios,	 RCP2.6	 and	 RCP4.5,	 simulations	 yield	 a	135	






enhanced	 basal	 sliding,	 calving	 or	 sub-shelf	 melting.	 Since	 surface	 melting	 will	142	
remain	 negligible	 within	 the	 21st	 century	 [Vizcaino	 et	 al.,	 2010;	Huybrechts	 et	 al.,	143	
2011],	the	SMB	is	predominantly	determined	by	snow	accumulation.	Evidence	from	144	
paleo	 data	 and	 projections	 from	 global	 and	 regional	 climate	 models	 show	 that	145	








statistical	 extrapolation	of	 current	 trends.	Due	 to	 insufficient	understanding	of	 the	154	




and	 quantify	 their	 effect	 on	 Antarctic	 ice	 loss	 for	 the	 21st	 century	 and	 beyond.	159	
Pollard	et	al.	[2015]	found	that	crevasse-induced	ice	shelf	loss	can	lead	to	the	onset	160	
of	 rapid	 ice	discharge	 from	several	Antarctic	drainage	basins.	Based	on	 the	 results	161	
from	the	SeaRISE	model	 intercomparison	project	 [Nowicki	et	al.,	2013],	Levermann	162	
et	 al.	 [2014]	 developed	 a	 probabilistic	 approach	 to	 estimate	 the	 future	 sea-level	163	
contribution	 from	 Antarctica,	 combining	 uncertainty	 in	 the	 climatic	 boundary	164	
conditions,	the	oceanic	response	and	the	 ice-sheet	response.	The	results,	based	on	165	
linear	 response	 theory,	 correspond	with	 the	 recently	observed	mass	 loss	 from	 the	166	
Antarctic	Ice	Sheet	[Shepherd	et	al.,	2012].	Levermann	et	al.	[2014]	find	that	the	90%	167	












Shortly	 after	 the	 release	 of	 AR5,	 several	 studies	 were	 published	 showing	 with	180	
increasing	 certainty	 that	 parts	 of	 West	 Antarctica	 might	 in	 fact	 already	 be	181	
undergoing	unstable	grounding	line	retreat	[Favier	et	al.,	2014;	Joughin	et	al.,	2014;	182	
Rignot	et	al.,	2014].	The	retreat	was	most	 likely	caused	by	warm	circumpolar	deep	183	
water	 reaching	 the	 ice	 shelf	 cavities	 in	 recent	 years	 –	 whether	 this	 process	 was	184	
influenced	by	anthropogenic	climate	change	is	not	yet	clear.	185	
	186	
Using	 a	 process-based	 statistical	 approach,	 Ritz	 et	 al.	 [2015]	 derived	 probability	187	
estimates	for	exceeding	particular	thresholds	in	the	marine	basins	of	Antarctica	as	a	188	
function	 of	 time	 if	 MISI	 is	 triggered.	 Their	 results	 suggest	 that	 particularly	 in	 the	189	
Amundsen	Sea	Sector,	large	and	rapid	ice	loss	due	to	the	marine	ice	sheet	instability	190	
could	 be	 initiated	within	 this	 century.	 By	 2100,	 the	 total	 ice	 loss	 from	 such	 rapid	191	








likely	 range	 but	 leads	 to	 an	 overall	 larger	 spread	 for	 the	 21st	 century	 sea-level	200	
projections.		201	
	202	
However,	 a	 recent	 paper	 by	 Pollard	 and	 Deconto	 [2016]	 includes	 a	 number	 of	203	
processes	in	their	model	simulation	that	were	not	included	in	models	before,	such	as	204	
the	 hydrofracturing	 of	 Antarctic	 ice	 shelves	 due	 to	 atmospheric	 warming	 and	205	
subsequent	 ice	 cliff	 instabilities.	 The	 model	 is	 found	 to	 be	 in	 relatively	 good	206	
agreement	with	geological	estimates	of	the	Pliocene	(~three	million	years	ago)	and	207	
the	last	interglacial	(130,000-115,000	years	ago).	Depending	on	the	geologic	criteria	208	
used,	 they	 find	possible	contributions	up	 to	1.05	±	0.30	m	 (1σ)	by	2100	under	 the	209	




strong	 mitigation	 scenarios	 [Church	 et	 al.,	 2013].	 Due	 to	 the	 long	 lifetime	 of	214	
anthropogenic	 CO2	 in	 the	 atmosphere	 and	 the	 consequent	 slow	 decline	 of	215	
temperatures,	greenhouse	gas	emissions	within	 this	century	can	 induce	a	sea-level	216	
commitment	of	 several	meters	 for	 the	next	millennia	 [Levermann	et	al.,	2013].	On	217	










RCP2.6	 level.	 Winkelmann	 et	 al.	 [2015]	 studied	 the	 evolution	 of	 Antarctica	 on	228	
millennial	timescales	and	show	that	the	West	Antarctic	ice	sheet	becomes	unstable	229	
after	600	to	800	GtC	of	additional	carbon	emissions.	They	further	conclude	that,	on	a	230	
multi-millennial	 timescale,	 Antarctica	 could	 become	 essentially	 ice-free	 for	 a	231	











































































































































Updates	of	 existing	projections	 [Marzeion	et	al.,	 2012]	 and	new	models	 [Huss	and	371	
Hock,	 2015]	 published	 after	 the	 IPCC	 AR5	 have	 generally	 lead	 to	 slightly	 lower	372	
projected	 mass	 losses	 (Table	 1).	 For	 the	 RCP8.5	 scenario	 for	 instance,	 IPCC	 AR5	373	
projected	a	contribution	of	16	±	7	cm,	while	Huss	and	Hock	[2015]	and	the	updated	374	
Marzeion	et	al.	[2012]	present	projections	around	12.5	cm	for	the	same	scenario.		In	375	
the	 case	 of	Marzeion	 et	 al.	 [2012]	 this	 is	 attributable	 to	 updates	 of	 the	 RGI;	 it	 is	376	
unclear	 for	Huss	and	Hock	 [2015]	since	no	previous	estimate	existed.	On	the	other	377	
hand,	the	results	of	Slangen	et	al.	[2012,	2014]	are	very	similar	to	Radić	et	al.	[2014].	378	
The	 results	 of	Giesen	 and	Oerlemans	 [2013]	 and	 Lang	 et	 al.	 [2015]	 suggest	 that	 a	379	
projected	decrease	in	Arctic	incoming	solar	radiation	could	lead	to	a	lower	projected	380	
mass	 loss	 than	 is	 given	 by	 the	 temperature	 index	 models.	 However,	 a	 direct	381	
comparison	 of	 the	 individual	 studies	 is	 complicated	 through	 the	 differing	382	
compositions	 of	 the	 ensembles	 used	 for	 forcing	 the	 glacier	 models.	 Therefore,	 a	383	




Figure	 3:	 Projected	 global	mean	 sea-level	 contribution	 from	glacier	mass	 loss.	 Left	388	
panel:	 Percentage	 of	 glacier	 mass	 remaining	 (%),	 ensemble	 mean	 (lines)	 and	 1	 σ	389	
spread	 (shading),	 dashed	 lines	 excluding,	 full	 lines	 including	 peripheral	 glaciers	 on	390	
Greenland	 and	 Antarctica.	 Right	 panel:	 glacier	 contribution	 to	 SLC	 by	 2100	 (mm),	391	
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Terrestrial	water	 storage	 (TWS)	 change	 can	 result	 in	a	positive	 contribution	 to	SLC	399	
due	 to	 a	 net	 transfer	 of	 water	 from	 long-term	 groundwater	 storage	 to	 the	 active	400	
hydrological	 cycle	 and	 eventually	 to	 ocean	 storage	 [Gornitz,	 1995;	 Taylor	 et	 al.,	401	
2012b].	Other	 terrestrial	 components	potentially	 contributing	 to	SLC	 include	water	402	
impoundment	behind	dams	 (which	 can	 cause	 sea-level	 fall),	 drainage	of	endorheic	403	
lakes	(mostly	from	the	Aral	Sea)	and	wetlands,	deforestation,	and	changes	in	natural	404	




equivalent	 to	 a	 sea-level	 fall	 of	 ~30	 mm.	 However,	 Lettenmaier	 and	 Milly	 [2009]	409	
indicated	that	the	volume	of	silt	accumulated	in	dams	should	be	removed	from	the	410	
estimate,	which	 is	 equal	 to	 ~4	mm	 less	 sea-level	 fall.	 Indeed,	 silting-up	 of	 existing	411	




of	 groundwater	 depletion	 (GWD)	 to	 SLC	 increased	 from	 0.035	 ±	 0.009	mm	 yr-1	 in	416	
1900	to	0.57	±	0.09	mm	yr-1	in	2000	(Figure	4).	These	figures	were	recently	revised	to	417	
lower	values	in	Wada	et	al.	[2016],	who	found	a	sea-level	contribution	of	0.12	±	0.04	418	
mm	 yr-1	 for	 the	 period	 1993-2010	 using	 a	 coupled	 climate-hydrological	 model.	 A	419	
volume-based	study	by	Konikow	 [2011]	also	found	slightly	 lower	values	than	Wada	420	
et	 al.	 [2012]	 using	 direct	 groundwater	 observations,	 calibrated	 groundwater	421	
modelling,	 GRACE	 satellite	 data,	 and	 partly	 extrapolation	 for	 some	 regions.	 Also	422	
combining	 hydrological	 modelling	 with	 information	 from	 well	 observations	 and	423	
GRACE	satellites,	Döll	et	al.	[2014]	estimated	the	SLC	contribution	of	GWD	was	0.31	424	
mm	yr-1	during	2000-2009.	Another	study	 [Pokhrel	et	al.,	2012]	used	an	 integrated	425	





in	 data	 scarce	 regions	 [Famiglietti,	 2014].	 Since	 its	 launch	 in	 2002,	 the	 GRACE	431	
satellite	has	been	increasingly	employed	to	quantify	GWD	at	regional	scales	[Rodell	432	
et	 al.,	 2009;	 Famiglietti	 et	 al.,	 2011].	 GWD	 can	 be	 assessed	 after	 subtracting	433	
remaining	 TWS	 changes	 from	GRACE-derived	 total	 TWS	 changes.	 However,	 coarse	434	




due	 to	 the	 combination	 of	 climate	 projections	 from	 AOGCMs	 with	 future	 socio-439	
economic	 and	 land	 use	 scenarios	 that	 are	 inherently	 uncertain.	 The	 TWS	440	
contribution	 to	 SLC	 is	 projected	 to	 be	 38.7	 ±	 12.9	 mm,	 based	 on	 CMIP3	 climate	441	
model	 output	 [Wada	 et	 al.,	 2012;	 Church	 et	 al.,	 2013].	 Since	 IPCC	 AR5,	 the	442	
groundwater	model	simulation	has	been	updated,	based	on	the	latest	CMIP5	climate	443	
and	 IPCC	 AR5	 socio-economic	 datasets	 (see	 Figure	 5	 for	 the	 latest	 projection	 of	444	
human	water	consumption	from	[Wada	and	Bierkens,	2014]),	but	does	not	provide	445	
the	 GWD	 contribution	 to	 SLC	 yet.	 The	 existing	 21st	 century	 projections	 indicate	446	
increasing	GWD	caused	by	 (1)	 increasing	water	demand	due	 to	population	growth	447	
and	 	 (2)	an	 increased	evaporation	 is	projected	 in	 irrigated	areas	due	 to	changes	 in	448	
precipitation	 variability	 and	 higher	 temperatures.	 Groundwater	 depletion	 will	 be	449	







on	 10,000	 Monte	 Carlo	 realisations	 from	 5	 future	 projections	 of	 groundwater	457	
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(b)	 the	 relative	 change	 (%)	 between	 2010	 and	 2099	 (From	 Wada	 and	 Bierkens	463	
[2014]).		464	
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Although	 the	 focus	 in	 sea-level	 science	 is	 gradually	 moving	 towards	 regional	 SLC	477	
projections,	as	this	is	more	relevant	for	coastal	adaptation,	there	are	still	lessons	to	478	
be	learnt	from	the	global	mean	SLC.	The	signal-to-noise	ratio	is	smaller	in	the	global	479	
mean,	 allowing	 a	 focus	 on	 long-term	 changes	 rather	 than	 local,	 short-term	480	
variability.	 As	 a	 result,	 it	 can	 be	 used	 to	 focus	 on	 narrowing	 uncertainties	 in	 the	481	
projections.		482	
	483	
A	 notable	 development	 in	 global	mean	 sea-level	 projections	 since	 IPCC	AR5	 is	 the	484	
use	 of	 a	 probabilistic	 approach	 to	 explore	 uncertainties	 in	 sea-level	 projections	485	




assessments	 of,	 for	 instance,	 the	 potential	 contribution	 from	 ice	 sheets	 can	 be	 a	490	
useful	 tool	 to	 assess	 the	 uncertainty	 ranges,	 because	 the	 ice	 sheet	 experts	 know	491	
which	 particular	 physical	 processes	 (e.g.	 calving,	 ice	 sheet-ocean	 interaction)	 are	492	
insufficiently	 represented	 in	 their	 ice	 sheet	 models.	 One	 should	 keep	 in	 mind	493	




Figure	 6	 demonstrates	 the	 difference	 between	 the	 conventional	 and	 probabilistic	498	
approaches	 for	 global	 sea-level	 projections.	 Probabilistic	 projections	 allow	 the	499	
































Regional	 SLC	 can	 deviate	 substantially	 from	 the	 global	 mean	 due	 to	 a	 number	 of	532	
processes.	 Firstly,	 oceanic	 and	 atmospheric	 circulation	 changes	 and	 heat	 and	 salt	533	
redistribution	 in	 the	ocean	change	 the	density	of	 the	water	as	well	 as	 redistribute	534	
mass	within	the	oceans	[Yin	et	al.,	2010;	Yin,	2012].	Secondly,	any	redistribution	of	535	
mass	 between	 ocean	 and	 land,	 such	 as	 land	 ice	mass	 change	 or	 TWS,	 affects	 the	536	
gravitational	 field	 of	 the	 earth	 and	 causes	 visco-elastic	 deformation	 of	 the	 Earth’s	537	
crust,	 the	combination	of	which	 results	 in	distinct	 sea-level	patterns	 referred	 to	as	538	
‘fingerprints’	 [Farrell	 and	 Clark,	 1976;	Mitrovica	 et	 al.,	 2001].	 Thirdly,	 regional	 sea	539	
level	 can	be	 influenced	by	 vertical	 land	motion,	 such	as	 tectonic	 activity	or	Glacial	540	
Isostatic	Adjustment	(GIA).	GIA	is	the	present-day	viscous	deformation	of	the	Earth’s	541	
crust	as	a	result	of	ice	melt	after	the	Last	Glacial	Maximum,	which	in	turn	also	affects	542	
the	 gravitational	 field	 [Peltier,	 2004].	 GIA	 can	 have	 large	 local	 effects,	 while	 on	 a	543	
global	mean	scale	the	effect	is	negligible.		544	
	545	
IPCC	 AR5	 [Church	 et	 al.,	 2013]	 adopted	 the	 approach	 from	 Slangen	 et	 al.	 [2012,	546	
2014]	to	compute	regional	sea-level	projections	by	combining	climate	model	results	547	
for	 thermal	 expansion	 and	 circulation	 changes	 with	 offline	 models	 to	 compute	548	




of	 the	 gravitational	 effect.	 The	 meridional	 dipole	 in	 the	 Southern	 Ocean	 and	 the	553	









by	 more	 accurate	 local	 GIA	 models	 or	 GPS	 measurements.	 Other	 regional	563	
assessments	were	done	 in	e.g.	Australia	 [CSIRO	and	Bureau	of	Meteorology,	 2015;	564	
Mcinnes	 et	 al.,	 2015]	 and	 the	Netherlands	 [Vries	 et	 al.,	 2014],	which	 build	 on	 the	565	
IPCC-type	regional	sea-level	projections.	However,	to	really	make	a	step	forward	 in	566	
these	 national	 assessments,	 finer	 grid	 resolutions	will	 be	 required	 to	 improve	 the	567	
model	representation	of	ocean	dynamical	processes.		568	
	569	
Using	 a	 probabilistic	 approach,	 Kopp	 et	 al.	 [2014]	 combined	 climate	 model	570	
information	with	 an	 expert	 elicitation	 of	 the	 ice	 sheet	 contributions	 [Bamber	 and	571	
Aspinall,	 2013]	 to	 provide	 complete	 probability	 distributions	 of	 regional	 SLC	572	
projections.	While	 the	mean	SLC	 is	 similar	 to	 IPCC	AR5,	Kopp	et	al.	 [2014]	present	573	
high-end	 estimates	 which	 can	 be	 of	 particular	 interest	 and	 relevance	 for	 coastal	574	
management	 purposes.	 Following	 onto	 this,	 Little	 et	 al.	 [2015a]	 combined	575	
probability	distributions	with	statistical	models	to	estimate	coastal	flooding	risk	due	576	






To	 study	 the	 sources	 of	 uncertainty	 in	 sea	 level	 from	 climate	models,	 Little	 et	 al.	583	
[2015b]	decomposed	 the	uncertainty	 into	 several	 components:	model	 uncertainty,	584	





depending	 on	 the	 local	 magnitude	 of	 internal	 variability	 versus	 the	 response	 to	590	










The	effect	of	 freshwater	 input	 into	 the	ocean	as	a	 result	of	 land	 ice	mass	 loss	has	601	
been	 discussed	 in	 a	 number	 of	 studies,	 which	 have	 produced	 climate	 projections	602	
with	 integrated	 realistic	 estimates	 for	 glacier	 and	 ice	 sheet	 melt	 water	 runoff	603	




al.	 [2014]	and	Lenaerts	et	al.	 [2015]	 find	 that	adding	 ice	 sheet	 freshwater	 forcings	608	











strait	 of	 Gibraltar.	 The	 high	 population	 density	 at	 the	 coast	 makes	 this	 basin	620	
particularly	 vulnerable	 to	 future	 SLC.	 Mediterranean	 sea	 level	 is	 influenced	 by	621	
various	 complex	 processes	 such	 as	mass	 fluctuations	 (e.g.	 additional	water	 input),	622	
variation	 in	 the	 density	 structure	 (steric	 effect),	 changes	 in	 circulation,	 waves,	623	








agree	 on	 a	 trend.	 Indeed,	 their	 coarse	 resolution	 does	 not	 enable	 an	 accurate	632	
representation	 of	 important	 small-scale	 processes	 acting	 in	 the	 Mediterranean	633	
region,	which	are	important	to	represent	the	water	masses	of	the	basin	accurately.	634	
Additionally,	AOGCM’s	have	difficulties	to	simulate	a	reasonable	water	exchange	at	635	




ongoing	Mediterranean	 SLC	 [Calafat	 et	 al.,	 2012].	 In	 addition	 to	 the	 thermosteric	640	
component,	 the	contribution	 from	changes	 in	salinity	has	 to	be	taken	 into	account	641	
for	the	Mediterranean,	since	climate	projections	predict	that	the	basin	will	become	642	
saltier	 in	 the	 future.	 Jordà	 and	 Gomis	 [2013]	 underlined	 that	 the	 saltening	 of	 the	643	
Mediterranean	 has	 two	 counteracting	 effects	 on	 sea	 level.	 Firstly,	 the	 halosteric	644	
effect	 leads	 to	contraction	of	 the	water	and	thus	a	sea-level	 fall	 (-0.10	mm	yr-1	 for	645	
1960-2000).	In	contrast,	the	addition	of	salt	to	the	basin	in	terms	of	mass	leads	to	a	646	
sea-level	 rise	 (+0.12	 mm	 yr-1	 for	 1960-2000).	 As	 a	 simplification,	 these	 two	647	
contradicting	 effects	 can	 be	 neglected	 and	 Mediterranean	 mean	 SLC	 can	 be	648	
restricted	to	its	thermosteric	component.		649	
	650	




2050	 and	 45-60	 cm	 in	 2099	 (with	 respect	 to	 1961-1990).	 In	 both	 studies,	 a	 large	655	
source	of	uncertainty	is	attributed	to	the	hydrographic	characteristics	of	the	Atlantic	656	
boundary	conditions	prescribed	in	the	Mediterranean	model.	Using	the	ensemble	of	657	
Adloff	 et	 al.	 [2015],	 Figure	 8	 shows	 the	 comparison	 of	 the	 spread	 of	 thermosteric	658	
sea-level	 response	 of	 the	Mediterranean	 linked	 to	 (1)	 the	 choice	 of	 hydrographic	659	
conditions	 of	 Atlantic	 waters	 prescribed	 at	 the	 western	 boundary	 of	 the	660	
Mediterranean,	 and	 (2)	 the	 choice	 of	 the	 socio-economic	 scenario.	 These	 results	661	
confirm	 how	 much	 the	 Mediterranean	 response	 in	 the	 future	 is	 driven	 by	 the	662	
Atlantic	 behaviour	 and	 raises	 the	 importance	 of	 the	 dataset	 (mostly	 AOGCM-663	
derived)	 used	 to	 force	 the	 regional	model	 at	 the	 boundary	 with	 the	 open	 ocean.		664	
Keeping	in	mind	that	the	range	of	changes	in	near-Atlantic	hydrography	explored	in	665	




In	 comparison	 to	 the	 significant	 progress	 at	 the	 global	 scale,	 the	 advances	 at	 the	670	
Mediterranean	 scale	 remain	 small	 in	 terms	 of	 sea-level	 representation	 in	 regional	671	
ocean	 models.	 There	 is	 a	 significant	 lack	 of	 regional	 studies	 dealing	 with	672	
Mediterranean	sea	level,	for	hindcast	periods	as	well	as	for	projections,	and	none	of	673	
them	 account	 for	 a	 proper	 Atlantic	 sea-level	 signal.	 The	 next	 step	 would	 be	 to	674	
include	 this	 missing	 feature	 and	 prescribe	 the	 complete	 sea-level	 signal	 at	 the	675	
Atlantic	western	boundary	 of	Mediterranean	 regional	models.	 This	would	 allow	 to	676	





over	 the	 Mediterranean	 Sea	 from	 the	 6-member	 ensemble	 scenario	 simulations	682	
from	 Adloff	 et	 al.	 [2015].	 In	 blue	 the	 uncertainties	 linked	 to	 the	 choice	 of	 the	683	


















limit	 the	 sea-level	 contribution	 to	 0.3	m	 by	 the	 end	 of	 this	 century	 as	 a	 result	 of	702	
dynamic	 discharge	 and	 the	 potential	 onset	 of	 the	 marine	 ice-sheet	 instability.	 All	703	
processes	 combined,	 the	 90%	 uncertainty	 of	 the	 Antarctic	 contribution	 to	 SLC	704	
reaches	 up	 to	 0.37	 m	 by	 2100	 under	 the	 RCP8.5	 scenario.	 However,	 a	 recent	705	
publication	challenges	this	and	projects	changes	of	well	over	1	m	by	2100	under	the	706	
RCP8.5	 scenario.	 All	 publications	 project	 that	 the	 bulk	 of	 SLC	 from	Greenland	 and	707	






also	 new	glacier	models,	 project	 slightly	 lower	 contributions	 to	 sea-level	 rise	 from	714	
glaciers	 compared	 to	 IPCC	 AR5:	 from	 projections	 around	 ~0.16	 m	 in	 IPCC	 AR5	 to	715	
~0.12-0.13	m	for	the	RCP8.5	scenario	in	more	recent	publications.		716	
	717	
The	 sea-level	 contribution	 of	 changes	 in	 terrestrial	 water	 storage	 (TWS)	 has	 been	718	
difficult	 to	 estimate	 from	 observations	 in	 the	 past,	 but	 satellite	 observations	 now	719	
allow	for	better	monitoring	of	changes	in	land	water	storage.	Groundwater	depletion	720	




In	 projecting	 global	 mean	 SLC,	 the	 focus	 has	 turned	 towards	 providing	 better	725	
uncertainty	 estimates	 by	 using	 probabilistic	 methods	 and	 skewed	 uncertainty	726	
distributions.	 This	 may	 lead	 to	 better	 estimates	 of	 the	 low-probability/high-risk	727	
events	 in	 a	 changing	 climate.	 So	 far,	 these	 improved	 uncertainty	 distributions	 are	728	




SLC,	 there	 are	 still	 a	 number	 of	 challenges	 that	 remain.	 The	 modelling	 and	733	






Ideally,	 sea-level	 change	 should	 be	 estimated	 on	 a	 national	 level,	 which	 is	 what	740	
coastal	planners	are	interested	in,	but	the	spatial	resolution	of	the	current	sea-level	741	
projections	 is	 still	 relatively	 coarse.	 To	 provide	 decision	 makers	 with	 better	 local	742	
estimates,	models	will	need	to	use	finer	grid	resolutions	to	account	for	local	effects,	743	
such	 as	 coastal	 evolution	 and	 sediment	 transport.	 The	 increasing	 number	 of	 GPS	744	
measurements	is	also	useful	for	local	cases,	as	they	give	better	estimates	of	vertical	745	
land	 motion,	 which	 can	 be	 large	 locally.	 In	 addition,	 new	 approaches	 now	 offer	746	
possibilities	to	link	changes	in	flood	risk	and	sea-level	extremes	to	regional	SLC.		747	
	748	
Recent	 regional	 modelling	 studies	 in	 the	 Mediterranean	 have	 pointed	 out	 the	749	
relevance	of	the	Atlantic	signal,	which	largely	contributes	to	the	Mediterranean	sea-750	
level	 variability	and	 represents	one	of	 the	main	 sources	of	uncertainty	 in	 sea-level	751	
projections	 of	 the	 basin.	 On-going	 regional	 simulations	 are	 starting	 to	 tackle	 this	752	
issue	and	show	that	the	prescription	of	sea-level	information	from	the	near-Atlantic	753	
at	 the	 lateral	 boundary	 significantly	 improves	 the	 Mediterranean	 sea-level	754	
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